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20 Thermal Neutron Analysis (TNA) has been tried, for example, for
inspection of checked baggage at airports. More specifically, low-energy
neutrons cause nitrogen contained in certain explosives to emit gamma rays
and cause fissile materials to give off neutrons of their own. However, the
first-generation TNA screeners produced an unacceptable rate of false

25 alarms, due to a large number of nitrogen-bearing articles contained in a
typical baggage. Furthermore, TNA requires moderators to slow down fast
neutrons from a source to thermal neutrons.

Pulsed Fast Thermal Neutron Analysis (PFTNA) of baggage for
contraband such as explosives and narcotics has also been proposed. It

30 combines the detection of gamma ray emissions from several different
neutron interactions in a single system and used a short pulse high-energy
neutron to perform FNA (Fast Neutron Analysis) interrogation. This makes
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t hrough these three steps, e separate spectra ar
by elements such as H, N or Fe, producing prompt gamma photons from
such (n. y) capture reactions. A separate thermal neutron reaction spectrum
is constructed from the gamma emission detected during this period.
25 Document DE 10323093 A1 discloses such approach.

After a predetermined number of pulses, there is a long pause which
allows the detection of gamma photons emitted from elements such as O, Al
and Si which has been activated and decay with a delayed gamma reaction.

By cycling through these three steps, three separate spectra are
30 generated, representing the fast neutron interaction, the thermal neutron

interaction and the delayed activation interaction. These three spectra would
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from thermal neutron capture reactions will be emitted. This will significantly
deteriorate the signal to noise ratio, which in turn means that a long
interrogation time is again necessary to obtain useful statistics.
Furthermore, in the context of luggage inspection, the presence of
25 large quantity of plastic materials from the outer casing to the content, will
strongly affect the identification of explosives made from a measurement of
the C/O or N/O ratio.
Another known interrogation technique is PFNA (Pulsed Fast Neutron
Analysis) and is based on the velocity/energy relationship of a fast neutron,
30 whereby a very short and high energy neutron pulse of a few nanoseconds
duration can provide an opportunity to record the spatial region of the
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The PFNA technique is particularly suitable for examining a small
amount of explosives hidden within a large object of relatively low average
density.

25 However, a very short mono-energetic neutron pulse is required if a
reasonable spatial resolution is to be achieved. Typically, such neutron
source is produced from a linear accelerator. Although such accelerator
based PFNA systems have been developed for the examination of cargo
containers and for air security applications with good results, the large size
30 and substantial shielding requirement associated with the linear accelerator
means that the system cannot be mobile, so that the technique is not

appropriate for demining or airport applications.
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Moreover, the neutron source used in such known systems involves
radioactive elements or electrical generators using radioactive targets,

25 which is highly undesirable in particular in civil environments.

Summary of the invention

The present invention seeks to overcome these shortcomings of
conventional neutron-base detection techniques for inspecting items.

30 More particularly, in addition to the self-evident considerations of

cost-effectiveness and acceptable footprint, a system offering
trustworthiness and very fast detection time would be highly desirable.
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system allowing to detect the presence of bulk explosives in airport baggage
20 or of landmines in demining by means of a single high intensity neutron
pulse and with a short response time.
Accordingly, the present invention provides a detection system,
comprising :
- a particle source for generating a pulsed flux of energetic particles
25 including both neutrons and gamma photons and for directing said flux
towards an item to be analyzed, said particles being intended to react with
nuclei of material(s) in said item,
- a detection unit comprising at least three detector assemblies
responsive to neutrons and gamma photons in respective energy ranges
30 coming from said item and impinging thereon in response to said flux of

energetic particles, wherein the detector assemblies are arranged to



25 including both neutrons and gamma photons and for
directing said flux towards an itemto be anal yzed,
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responsive to neutrons and gamma photons in respective
energy ranges 30 coming fromsaid itemand inpinging
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conparing said signature with stored reference

signatures. Preferred but non-limting aspects of this

syst em a@Prefersed but wovs-lintingpadpetts otthis syste@ndreyas follows:
conprises a respective energy band-pass 10 filter. *
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as pulse at a time at which said ion plasma is in a transitional state with a
20 space distribution of deuterons at a distance from said second electrode, so
as to accelerate said deuterons towards said second electrode while
overcoming the space charge current limit of a conventional vacuum diode,
and
- said second electrode forming a lithium-bearing target, so as to
25 generate said neutrons at said second electrode by deuteron/lithium
interaction, wherein neutrons interact with said target to produce gamma
photons.
* said neutrons have an energy of at least 3 MeV, which is
appropriate for the detection of nuclear materials.
30 * said neutrons have an energy of at least 5 MeV, which is
appropriate for the detection of carbon-based materials, while not interacting

with possible surrounding elements.



25 generate said neutrons at said second el ectrode by
deuteron/lithium interaction, wherein neutrons

WO pdosnsasto Wi t h said target to produce ganmma pPOL/BPEN7/657762

said neutrons have an energy of at |least 3 MeV, which
is appropriate for the deteckgi on of nuclear
materials. 30 * said neutrons have an energy of at

| east 5 MeV, which is appropriate for the detection

posei bl o SARS dURHIeNg bPURLANS e ORY2006P0I2ag08 MeV! Wwhich is
PCTASTRORTEORETRE, cBicshod JICBIBIFdRE Rey SARHEEL Al il four

l'eas appropri ate
dete@letienis bf Ce%blcbsomemn h:smpaéqxwlasleeact with all

four eI@ nt.s H C. N c

the si gnal® gianfis clublsy b BERR ks 3 bBr RBtr¥8Bond to one
5orgiegleasldsé of pariclds 6oMBIthgHEGR0RS aﬁargtan@mg?hotons from said
conbi ni ng neutrons and ganma photons from sai
SOWAHECEAccording to a second aspect, the present

invention provides a nethod for detecting properties

of materials, substances or conpounds 10 contained in

itens, cAsgordisgntd teheetohd osdpegt,s trep presertppivigntign aprovides a
pulsed flux of energetic particles including both
neunEBIRS %[ngetj‘&ﬁﬁﬁ RIRBEDIES b ng@,terl@@mstu(psba@cgﬁapg,zcgmpounds

163'6&931?1%6% ﬁénﬁebS&pru’ngecﬁgff&ld\/ﬂn§%?éﬁ Wi th nuclei of

mat eri a n said detectrng neutrons and
gamma phoappiging @pulged flomof @nérgetenpanticlesSncledingnisethtreeutrons

Salrﬁ‘ﬂégp%ﬁﬂcatl %n Ineﬁ‘? Iea&mtt\e)no Q%{)ng ent eﬁrégdr%rws? being

CUrihRIMdedl t8ahét Wlﬁphﬁééﬂéﬁhbt@?laﬂ%) i SER "t@hﬂg ganma
phot ons and neutrons over tinme, - delivering

ti me- r esotietedtingimesionsianshgemnep pbsansacomingfrom said item in

eut r haot ons_.t/h det

15erertnne Y Pakf PPRUREhd G PE: (L 867 Fleray ganpes and in
a %@ftﬁtttdaectlcﬁﬂﬁnodé@ﬁ'p@é itd egiRee chrgnasigralyirétresentative of
stored reference signatures. Brief description of the
dr dmpmr@ng gamma photons and neutrons over time,

- delivering time-resolved current signals representative of neutrons

and gamma photons thus detected,

20 - generating from time-related features of said signals a signature,
and

- comparing said signature with stored reference signatures.

Brief description of the drawings

25 The present invention will be better understood from the following
exemplary description of a preferred embodiment thereof, made with
reference to the appended drawings in which:
- Figure 1 is a block diagram of an identification system according to the
present invention;
30 - Figure 2 illustrates in greater detail a detection unit comprised in the
system of Figure 1; and
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detection unit 400 to detect gamma photon and neutron

si gnal s Ineppedinnatd a5t pubee it Bighaldensity, high flux energetic
particles is generated and directed towards an item 600 placed in an

inspection region towards which a beam collimator 130 is directed.

20 The conveyor system 650 can be conventional and is used for
moving the items 600 such as pieces of baggage by appropriate increments
through the inspection region.

The source 500 is used in combination with the detection unit 400 to
detect gamma photon and neutron signals representative of the materials

25 contained in the inspected item 600, upon interaction with the penetrating
source of energetic particles.

As shown in Figure 2, the detection unit 400 comprises an
array of detectors 410 having a wide set of energy responses and capable
of detecting both gamma photons and neutrons backscattered from item

30 600 when exposed to the source 500. Each detector 410 is sensitive to a
given range of energy for the gamma photons and neutrons backscattered
from the object.
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al | ot heftanti sour% 5080l e system 500 is in an “"off"

condi ti Ofhg particle generator 100 is driven by a pulsed power supply unit

200 to generate short pulses 140 of energetic particles.

20 These pulses 140 are generated on demand upon a control trigger
delivered by a control unit 300. At all other times, the whole system 500 is in
an “off” condition.

The particle generator 100 is contained in a vacuum chamber 150
containing a pair of spaced electrodes, i.e. an emitting electrode 110 and a

25 target electrode 120.

Typically, the distance between the two electrodes 110 and 120 is a
few centimetres and the pressure is between 0.1 and 10 Pa.

A high voltage driver 220 for the emitting electrode 110 is provided in
the power supply unit 200 and is used to power said electrode by applying a

30 suitable voltage pulse 225 between a pair of electrode members (not
shown) belonging to said electrode and forming a plasma discharge ion

source.



The particle generator 100 is contained in a vacuum
chanber 150 <containing a pair of spaced el ectrodes,
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el ectrode 120. Typically, the distance between the two
el ectrodes 110 and 120 is a figw centinetres and the
pressure i s between 0.1 and 16 Pa. A high voltage
driver 220 for the emtting electrode 110 is provided
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20 generator 210 comprises in a manner known per se a voltage multiplication
circuit followed by a pulse compression circuit (not shown).

More particularly, a mains voltage source such as 220 V, 50 Hz is
first increased to 30 kV using a conventional electronic inverter unit. This
voltage is used to feed a 4 stage Marx circuit responsive to a trigger control

25 to produce a voltage pulse of 120 kV. This voltage is then used to charge a
pulse shaping circuit to produce a 5 ns pulse of 120 kV. The output of this
pulse shaping circuit is coupled to a pulse transformer, providing a final 5 ns
voltage pulse 215 of 720 kV.

Upon application of pulse 215, charged particles contained in the

30 plasma are accelerated to form a charged beam with a high current
(typically more than 1 kA) which impinges on the electrode 120 serving as
target electrode with an energy which can reach 500 keV or more, thereby
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The source 500 may be used for generating various types of
energetic particle beams. In a preferred embodiment of the invention, such
particles are neutrons and gamma photons, which are generated by the
impact of an energetic charged deuteron particle beam of around 10 ns

25 duration at current value having an order of magnitude of kA, on a lithium
alloy target electrode 120, thereby producing a 10 ns pulse 140 of more
than 10° neutrons, thus providing a high equivalent fluence rate of 10'®
neutrons/second with a broad energy distribution up to 14 MeV.

The source 500 as described in the foregoing allows to detect

30 substantially all gamma photons and neutrons backscattered by the item

over a very short duration.



For hi gh speed screening operations, the source 500
can be 20 repeatedly activated, e.g. one to severa
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generating various types of energetic particle beans.
In a preferred enbodi ment of the invention, such
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operation are required to provi ci ent gamma
photon data for analysis. This leads to a radiation

dose rat t .| east. % rders of magnitudes higher than
the one ﬁ%@&ﬂ&ﬂ%”-(lﬁ the present invention. In a non
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representing the gamma photons and neutrons backscattered from the item
600 when exposed to the beam 140 generated by source 500.
The size of each scintillator is for instance 180 mm x 180 mm x 25
mm. More generally, a large size of the scintillators allows to substantially
25 improve signal/noise ratio.

Each detector 411, 412 and 413 has a response within a specific
energy spectrum, and this is preferably obtained by placing materials (not
shown) on the travel path of neutrons and gamma photons from the item
600 to the respective detector, these materials acting as energy band-pass
30 filters in different energy ranges for each detector 411, 412 and 413.

The output amplitude of each detector is therefore related to the

spectral content within that range, and detectors 411, 412 and 413 provide
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surface area selected so as 20 to be sensitive both

wo eoogamss) phot ons and neutrons, and out puts a BCTYRR1007/057762
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backscattered fromthe item 280 when exposed to the
beam 140 generated by source 0. The size of each
scintillator is for instance 180 mm x 180 mm x 25 nmm
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photons/particles received from irradiated item 600 as a function of time in
different energy bands.

As an example, a 4-channel Tektronix TDS3034 transient digitizer
with a maximum sampling rate of 2.5GS/s and a maximum data memory

25 depth of 10 k samples can be used.

Preferably, the digitalized data are recorded for e.g. 20 us after each
particle pulse 140 is applied to the item, with a sampling rate of 2 ns at most
so as to keep within the memory depth of the digitizer.

The signals provided by the detection unit 400 combine the results

30 from any neutron interaction modes in the materials of item 600, including
elastic, inelastic and captured reactions, that occur in response to the single
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bl ogkewd& and A2 correspond respectively to the

neutrons of
0 - initially, the collected signals S1 are due to a fraction of the gamma

pulse P2 arriving directly at the detectors;
- this is closely followed by the signals S2 which originate from a
certain quantity of the gamma pulse P2 being backscattered from item 600;
- some few tens of nanoseconds later, the received signals S3 are
25 composed of high-energy gamma photons produced when high energy
neutrons travel directly through item 600 and have non-elastic collisions with
the nuclei of the item material(s); the very short neutron pulse P and the
relatively slow speed of travel (a 10 MeV neutron travels about 4.4 cm in
one nanosecond) allow good spatial discrimination; in addition, the high
30 intensity of the neutron flux leads to a good signal to noise ratio from the
detectors;
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Moreover, the detector assemblies are advantageously cross-
calibrated by taking a set of measurements without the energy filters in front
of the detectors and then with identical energy filters on all detectors.

All detection units are calibrated in the same way and the gain of

25 each unit is adjusted so that the variation in signal output between all units
is within a given range (e.g. a factor of two at most).

The calibration can be made with a reference pulsed light source
coupled to a plurality of fibre optics each coupled to a respective
photomultiplier. In this way, each photomultiplier will be illuminated by the

30 same calibration light source through identical fibre optics coupling.
An automatic calibration process can also be conducted with one or

several samples of well defined materials, for example organic materials



15 neutron pul se 140, very neani ngful signals are

obt ai ned, esp. when considering evolution over tine.
woe@BeIBhl y, a gain adjustment circuit i s i ncOPEDER106T057762

into each of the detector assenblies (scintillator +

fibre optic + photonultiplier)-,in order to conpensate

for the variations in the coupling efficiency between

the 20 scintillator and a fibre optic. Mreover, the

det nbl | d | _
cal firare Magming g o uEenar SUEAdiPerEn Lo i samAeRgate for
en%@élﬁlé'dhﬁﬁn tHe Gét%E!fors%fan&lH@lt)ﬂet ectors and then

wi th 1denti cal energy ilters on all detectors. Al
det ect i dhatgPrecessing pnitd@Q ed i n the sane way and the

Sariati bl gL ﬁﬁiqe%?mgpaﬁ‘?t%@é%wﬁﬁ?és 3tbR signal processing

B t hodwerafad thenpluNgE of 8ighal Al B 1Pl Of recemedt frdMsddtection unit
The calibration can be made with a reference pul sed

| i fH0.source coupled to a plurality of fibre optics

h Ltiol i .
vay, eacrerabBnap b BRRE=KD PRRER At pdfres Rmilict set of
30 slgorthed tdrsald signlalgghihcladinge theiheeolgtion daet itibae, in order to

fibre optics, couplin An automatjc calibratjon
pr RYEEACH SQ”@B“@@ eriaird wih wach ileAe 609 anglygedal

anpl es r [

10 oo + a0 el g 56 SR PhBh ) B8, IR 8RBl o a
Mel datebasefot deotperisenavittbacket pf mieencalsignegutes corresponding to
co nsate for ossi.hle drifts in,the de tors

S onmfiBR Sk, B IAs S of PlReU N (PrRU b ATGeS, So that the
pr %‘f%§éh&90f~'8h§r sG&9 n%@ﬁélb%ﬁ%o%bdlﬁl@%%r%u%?dnces can be quickly
processi ng power for the plurality of signals A
anddeﬁhfmfbal\}@c!osiﬁlbmwrélﬁedon unit 400. Preferably,

%UChaFggﬁ%ﬁﬁgg’ gﬂﬁ§0§e§ p3§§ %ﬁrﬂgﬂgopu%qeﬁ) E)l?q)(ra ngd o%%?ator with

evoditiple® yeaMRy ahbWers ifdr @ifféesntt §ped edfe hiit€ridls ShrdBétpbands or
associated wth each item 600 anal yzed. 10 Once an

i t eSHOPERNARSIA %\N&Bﬂ/@@@rt reseoRsey HaKeuteoicel preseseingttnes will be
dat Serh ¥orf 80 gl% é’%vtepa%eﬁﬁhdgtmtrhegtgfee@fctﬁ? art %rocessing
si ghat ures correspon erent known naterials

or capahiitpds or substances, so that the

20 While the present invention has been described with respect to
exemplary embodiments thereof, it will be understood by the skilled person
that many variations and modifications can be made thereto.

As indicated in the foregoing, although typical applications of the
present invention are security checks for airport baggage and detection of

25 Dburied objects such as landmines and antipersonnel mines, the present

invention may have numerous other applications.



presence of any such materials or conmpounds or
subst ances can be quickly identified and possibly
wa@eashifsed. 15 Preferably, unit 800 is progr areEEPR07/057762
as to provide an operator with sinple yes/no answers
for different types of materigks or conpounds or
substances in a very short response tine (typica
processing tines will be froma fraction of second to
several seconds with state of the art processing
capability. 20 While the present invention has been
described with respect to exeqpiry enbodi nents
thereof, it will be understdood by the skilled person
that many variations and nodifications can be nmade

t hey et o. i cat in_the faregoing, although
typl-cal A%etegtéqr] %ﬁsggr&l‘ C?rh]@%s\g%esgnlt ignventi oggare
security. ghepkicld 0sorté PBUD) bREJgaseranflg det peiseenfl®f (140) of

25 buried objects such as | andm nes and anti per sonnel
m reRergetie paréaentinclugingnbeibn nerlfonsench gaebaLheiters and for

aPPdifethh S e HeReR (66d) t%P@é’%g%J Sid bBrticles being

ion sy conpr
parmteridedstoweaa wiioAYclepef rpateriafis) imosad fitehgsed 1 ux

(140) of nergetic particles includi g bot h neut rons ,
and gammed f§ ﬁ A8 U408y Com%mﬁdeg i {Aree detaciRl-aspemblies

16" @t13”39509é11@1@e4?%343/21€4113 i ) treﬁ%cﬁ% \R:?'tcf‘ﬂegtrons and

to react W th nucl el mate In sa
[ tegjammaapheiloest inorespective £0@)g\c canyess cannirgg floeasaid item and

42000 GnSlecioR TEraeise 48 5alvk of SRl RN, wheren
JaHR AR BsEOMbAEPBRS bHANBRANEYIFARSR GRMRMYEAN mode

said item and |ng thereon in response to said
fI up @gliveneugent elgm? representative «if impingingl gasvnarphotons and

i es ed to operate in current
ri{q Odﬁ %%53”% @%3& iver current signals
repr esent at gy @froctdﬁéi uRg EODYBCcANHECS tenthe dbBtputs of said
neutrons over tine a data processing unit (800)

Corﬁ’ﬁi@@t@ﬁs t@ﬁaﬁ’@ @fJQQE‘J@r@t'Bg assignatuge freet epil sigaplgtfpbowing the
foll
of SIS 19, 23l ANBLY o (P LRR] B0l BlnEMAGa signa

app 0 sal
I ncfieatlireg, dndror mehwmgssegjlaignature with stored reference signatures.

20
2. The system of claim 1 , wherein each detector assembly comprises a

respective energy band-pass filter.

3. The system of any one of claims 1-2, wherein each detector

25 assembly comprises a scintillator (411; 412; 413) coupled to a
photomultiplier (431; 432; 433) by means of a set of flexible fiber optics
cables (421; 422; 423).

4. The system of any one of claims 1-3, wherein said neutrons and
30 gamma photons source comprises:
- first and second electrodes (110, 120),
- a plasma ion source at the first electrode,



features, and for conparing said signature with stored

reference signatures. 20 2. The systemof claim1l ,
wob@s®izeeach detector assenbly conprises a rBSPERIDVES7762

energy band-pass filter. 3. The system of any one of

clains 1-2, wherein each deteghor 25 assenbly

conprises a scintillator (411; 412; 413) coupled to a

photomul tiplier (431; 432; 433) by neans of a set of

flexible fiber optics cable .%42@42%; 4@%\& 4. The
system of PafAYHR BN SPHIGF VS W ) eloh @ 1'dNBedt ¥hPlasma
andeonds) nﬁ@@%t@?&fs"@%eﬁ/@lﬁ%ﬁ)@m@&g EHel?@ééonﬁ, dleEpbgand

second el ectrodes (110, 120 pl asma ion source at
the first mgasst (Ady, fon@miyeg dietaeenPeail EpIR0UGHES 27 6hort high
19 - | asa_j on source. driver (220) for allow.n :

o eI ol 8 Bk R Btica e’ B8 %MavRin g el P state with
5 heg spaedditingionodtdeuterdiNat & ldtané® fropPBhid $¥tond electrode,
bet ween said el ectrodes a short high voltage pul se at

a t$QT@S_at0 ApcelArada | spid (ﬂ@%r_éﬁﬁat_oi\’\@rd% sgid sgrend jelecirode while
5 0t o RSy PRRSTASEL U B8PS SRUARIART i e

accel er at eaid aiedoné Westauz (1@ fotingiadlitb@cahearing target, so as
el ectrode while overcomng the sgace charge current "
| i it 9BPergte SAR MauUbioas dhealimsgrene, electsedy byedeuigron/lithium

16! %%errg%r{, ]\ﬁlt%refirp.rn LEBNE ihic- Akt mth &id rigrgte@rtseérodﬁé’e gamma

as 0 generate said neutrons at said second electrod
by mleaioes.on/lithium 10 interaction, wherein neutrons
interact with said target to produce ganma photons.

5. The system of any one of clains 1-4, wherein said

neus r onsTREAYstam oSS Bie oF cRlimseRa! wBeMiY-sakbPnbutrditehave an

system of any one of clgal nms 1-4, wherein said neutrons
haveneigy oéatleggt ¥MegV.| east 5 MeV. 7. The system of

1énny one of clainms 1-4, wherein said neutrons have an
O energy of at |east 8 MeV.

6. The system of any one of claims 1-4, wherein said neutrons have an

energy of at least 5 MeV.

7. The system of any one of claims 1-4, wherein said neutrons have an
20 energy of at least 8 MeV.

8. The system of any one of claims 1-7, wherein the signals delivered
by the detector assemblies correspond to one single pulse of neutrons and
gamma photons from said source.
25
9. A method for detecting properties of materials, substances or
compounds contained in items, comprising the following steps:
- applying a pulsed flux of energetic particles including both neutrons
and gamma photons to an item to be analyzed, said particles being
30 intended to react with nuclei of material(s) in said item,
- detecting neutrons and gamma photons coming from said item in

response to said application in at least two different energy ranges and in



8. The system of any one of clains 1-7, wherein the
signals delivered by the detector assenblies
wa@ersespend to one single pul se of neutrons anPCT/BP2Z0NHE057762
photons fromsaid source. 25 9. A nethod for detecting
properties of materials, substgnces or conpounds
contained in itens, conprising the follow ng steps: -

appl ying a pul sed flux of energetic particles

e s B T R PR o
r eagipiniihg g%%hgiphefodﬁélgfrﬂ%&&ﬁk dvergmied item -

detecting neutrons and ¢ photons com ng fromsaid
itemin - delyeongetime-resolded mpriephisignals represertatve tokoneutrons
different en range nd n WO 2008/ 012360
Pﬁ@%%ﬂ%é%%ﬂ?%‘gs @ﬁtn%rcg ' detection npde so as to

gleliver -C?érﬁ@r@tinglffmﬂtﬁnéﬁ@l@@&ﬁﬂ‘éé’cbrééeoﬂfsai_d 8¥nBY AGsignature,
gamma phot ons andneutrons over time, - delivering

ti m¢ esol ved current signals representative of

neutrons - n Daiz

gener at i _ncgoqﬁéi%%%g-% Magltl %d&/@rggtoggé g&%F é:hscﬁ sdgrg?ta Ral's

a signature, and - conparing said signhature with

stored reference signatures, 10. The nethod of claim

9, Uher elhie H1atRoch &fiitaimsO nwheredm seitkPgytrens have gy energy of at
e 11. The nmethod of claim9, wherein said

1dr)1eﬂt§¥ra%§%|vﬁe§<ie an energy of at least 5 MeV. 15 12. The

met hod of claim9, wherein said neutrons have an

ene{ﬁy thea%ethgg%tf c?airl\r/lbg,' wherein said neutrons have an energy of at

least 5 MeV.

15 12. The method of claim 9, wherein said neutrons have an energy of at
least 8 MeV.



